ABSTRACT This study was conducted to determine the ability of an alternative salt form of 1% Zn, Zn propionate, to induce molt in 66-wk-old hens. The hens were randomly assigned to 4 treatment groups of 27 or 28 birds each: a) molted conventionally by feed withdrawal, b) 1% Zn as Zn acetate, c) 1% Zn as Zn propionate, or d) nonmolted control for 9 d. Feed intake was (P < 0.05) depressed in Zn acetate and Zn propionate hens when compared with nonmolted control hens during the 9 d. Ovary weights of hens undergoing feed withdrawal, Zn acetate, or Zn propionate were not (P > 0.05) different from each other, but all were (P < 0.05) lighter than the ovary weights of nonmolted control hens. Zinc concentra-
INTRODUCTION
In nature, all adult avian species undergo annual bird molting to renew their feathers. This results in BW losses up to 40% of their mass (Mrosovsky and Sherry, 1980) and a pause in oviposition due to regression of the reproductive tract (Mrosovsky and Sherry, 1980) . In the US commercial layer industry, older hens can be artificially induced to molt before the end of a first laying cycle, rest, and enter into a second egg-laying cycle (North and Bell, 1999) . After completion of the process of induced molting, old birds exhibit rejuvenation of the reproductive tracts (Brake, 1993) . The most commonly practiced method of molt induction is withdrawal of feed for several days. This method efficiently induces a molt because it is management-friendly and economically advantageous and results in satisfactory postmolt performance for the commercial layer industry (Brake, 1993) . However, increased public awareness of the animal stress associated with feed withdrawal has led researchers to investigate alternative molting processes. Additionally, 1 To whom correspondence should be addressed: sricke@poultry. tamu.edu.
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tions in the kidney and liver were (P < 0.05) increased in Zn acetate and Zn propionate molted hens when compared with nonmolted hens on the control diet or hens molted by feed withdrawal. Bone ash values were (P < 0.05) increased for Zn acetate and Zn propionate molted hens or nonmolted control hens as compared with molted hens on feed withdrawal. Over the entire 3-mo postmolt period, there were no significant differences in interior egg qualities, but egg weights from hens fed Zn propionate were (P < 0.05) heavier than those from hens on feed withdrawal. The data of the current study demonstrated that feeding a Zn propionate (1% zinc)-supplemented diet can induce molt.
the stress results in increased susceptibility to Salmonella enteritidis infection (Holt and Porter, 1992; Holt, 1993; Holt et al., 1995) , which may lead to increased risk of foodborne illness to consumers of these products.
Molt induction by feeding hens a diet containing high levels, 10,000 to 20,000 ppm, of added Zn as Zn oxide or Zn acetate results in egg production cessation within 5 d (Scott and Creger, 1976; Creger and Scott, 1977) . Berry and Brake (1985) reported that hens fed diets high in Zn stopped ovulating up to a full day sooner than did fasted hens. In several studies it has also been reported that the effectiveness of Zn to induce follicular atresia and halt egg laying is probably caused by this cation's ability to depress feed intake (Scott and Creger, 1976; Shippee et al., 1979; Berry and Brake 1985; McCormick and Cunningham, 1987) .
Propionic acid has been used as a feed fungistat, but high concentrations may reduce chicks' feed intake by decreasing palatability (Ryś and Koreleski, 1974; Paster, 1979; Cave, 1982 Cave, , 1984 . Previously reported methods of dietary Zn for induction molt were restricted to Zn acetate and Zn oxide. Therefore, the objective of this study was to investigate whether Zn propionate, an alternative salt form of Zn, would induce molt and affect organ systems, egg quality, and egg production as the hens entered the second cycle of laying in production.
MATERIALS AND METHODS

General
One hundred forty-two Single Comb White Leghorn (SCWL) hens, 66 wk of age, were obtained from a commercial laying facility. Hens were housed 1 per cage (30 × 35 cm). The hens were maintained under an artificial lighting program of 16L:8D. They were provided access ad libitum to a complete layer ration and water via nipple drinkers to prevent cross-contamination of water and feed for 8 wk prior to molting. The individual feeders were stainless steel. During the 8-wk acclimation period, egg production was monitored to insure that all hens were healthy and in active production.
Molting Procedure
After acclimation, 110 hens were moved into a nearby house and housed 2 per cage for the molting procedure. Hens were assigned to 1 of the following 4 treatment groups: 27 hens to a Zn acetate diet (1% Zn added to layer ration), 27 hens to a Zn propionate diet (1% Zn added to layer ration), 28 hens fed a layer ration without additives to serve as the nonmolted control, or 28 hens to feed withdrawal (negative control). All hens were allowed access to water ad libitum and their respective diets. Hens were placed on an artificial lighting program of 8L:16D for 1 wk prior to molting procedure. Treatments were randomly assigned to cages throughout the house to ensure there was no variability in egg production or reproductive tract regression due to light stimulation.
During the molt procedure, hen weights were monitored at d 1, 3, 5, 7, and 9. In accordance with Texas A&M University Lab Animal Care Committee (ULACC) animal use protocols, any hen reaching 25% weight loss prior to the end of the trial (d 9) was removed from her respective diet and immediately placed on full feed.
After molting, the remaining hens were placed on fed layer ration (Table 1) ad libitum, and the light program was changed to an artificial program of 16L:18D to stimulate egg production. Daily egg production was monitored for 12 wk after the molting diets were replaced with full feed.
Collection of Organs and Determination of Crop pH
At the end of the molt procedure, 55 hens were euthanized with CO 2 gas according to the approved ULACC protocol, and the crop, ovary, kidney, liver, spleen, heart, proventriculus, gizzard, pancreas, and the entire intestine were excised aseptically and weighed. Relative organ weights (g/100 g of BW) were calculated (Edrington et al., 1997) and presented as percentages. The pH of the crop was determined by the insertion of a sterile glass pH electrode 2 through an incision in the crop wall, ensuring that the electrode remained in contact with the crop mucosal surface as described by Ramirez et al. (1997) .
Bone Shear Strength and Bone Ash
The right or left tibia of 1 hen was randomly chosen from a group of hens was excised from the fresh carcass and defleshed. The tibias were individually sealed in 4-oz (Ӎ113.5-g) plastic bags 3 to minimize moisture loss and stored at 4°C. The tibias were dried at 105°C for 24 h, cooled to room temperature in a desiccator, and weighed to the nearest 0.01 g. Tibia shear strengths (breaking force divided by bone weight expressed as kg/g) (Shafer et al., 2001) were measured using an instron 4 with 50-kg-load cell at 50-kg-load range and a crosshead speed of 50 mm/ min with tibia supported on a 3.35-cm span. Tibia ash weights were determined by ashing in tared ceramic crucibles for 24 h at 615°C (Shafer et al., 2001) . Percentage tibia ash was calculated by dividing tibia ash weight by tibia dry weight and multiplying by 100 (Al-Batshan et al., 1994) .
Zn Concentration in Kidney and Liver
Approximately 0.2 g (frozen) of each liver and kidney sample was dried at 75°C for 3 d and subsequently predigested in nitric acid for 3 d. The predigested sample was further digested for 2 h at 100°C using a microwave oven 5 (Davis, 1998; Daugherty, 2002) . Atomic absorption spec-trophotometry 6 was used to determine Zn concentrations of the liver and kidney samples.
Egg Production and Quality Parameters
Egg production and quality were monitored and compared after molting. Egg weight was measured using a balance and recorded to the nearest 0.01 g. Egg circumference was measured using a tape measure and recorded to the nearest 0.1 cm. Egg length and width were measured using a caliper and recorded to the nearest centimeter. Albumen height was measured using a micrometer and recorded to the nearest 0.1 mm. Shell thickness was evaluated using NaCl solutions, the specific gravity of which ranged from 1.065 to 1.110% in increments of 0.005%. This method using concentrations of NaCl solutions was based on an approach described by Keshavarz and Quimby (2002) with minimal modifications. Shell strength (kg) was also measured using an instron 4 with 50-kg-load cell at a 10-kg-load range and a crosshead speed of 50 mm/ min. Yolk color was expressed as Hunter color, L*, a*, and b* (Hunter and Harold, 1987 ) using a colorimeter.
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Each yolk pool was poured into a clean 60 × 15-mm glass Petri dish. A glass lid was placed flush against the yolk surface to prevent air pockets. The tip of the Chroma Meter measuring head was placed flat against the surface of the Petri dish and yolk reflective color was determined from the average of 3 consecutive pulses from the optical chamber of the Chroma Meter (Herber-McNeil and Van Elswyk, 1998). Daily egg production was monitored for 8 wk before molting and 12 wk after molting.
Statistical Analysis
Data were analyzed using a one-way ANOVA to analyze the differences among treatment groups (feed withdrawal, Zn acetate, Zn propionate, and full-fed nonmolted control) using general linear models procedures.
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Differences among treatment groups, when significant, were compared using Duncan's multiple range test. Level of significance used in all results was P < 0.05.
RESULTS AND DISCUSSION
Feed Intake
Hens fed the nonmolted control diet had (P < 0.05) greater feed intake (76.29 g/bird per day) than did hens fed 1% Zn in the form of Zn acetate or Zn propionate. However, there was no (P > 0.05) difference in feed intake between hens fed Zn acetate (22.61 g/bird per day) and hens fed Zn propionate (26.59 g/bird per day) ( Table 2 ). There were approximately 65 and 70% reductions of feed intake in Zn propionate-fed hens and Zn acetate fed-hens, respectively, when compared with the feed intake of hens fed nonmolted control layer ration.
Similar feed intake reduction was reported by Shippee and coworkers (1979) who observed that 1% Zn as Zn oxide or Zn acetate resulted in the average daily feed intake of 22 g/bird and 16 g/bird, respectively, during the second week of the forced resting period when hens reached 0% egg production. The reduced feed intake could be due to appetite depression (Brink et al., 1950) or low palatibility of high levels of Zn (Fox, 1989) . It has also been reported that the reduced feed intake could be due to the ability of Zn cation (Zn 2+ ) to induce follicular atresia and halt egg laying (Scott and Creger, 1976; Shippee et al., 1979; Berry and Brake, 1985; McCormick and Cunningham, 1987; Johnson and Brake 1992) . Therefore, it is likely that the efficiency of high dietary Zn treatments as a method to induce molt in this study was directly related to the suppression of feed intake.
BW Loss
Hens undergoing feed withdrawal (25.12%) had more (P < 0.05) BW loss than hens fed 1% Zn in the form of Zn acetate or Zn propionate. However, there was no (P > 0.05) difference in BW loss between hens fed Zn acetate (15.52%) and hens fed Zn propionate (15.60%). Nonmolted hens had the least BW loss (1.15%) compared with other treatments of molted hens ( Table 2) .
The extent of BW loss by Zn acetate or Zn propionate feeding was similar to values in a previous study by McCormick and Cunningham (1987) who reported that BW losses over 4 d for fasted and zinc-fed hens were 16.4 and 15.2%, respectively. BW loss is a major factor contributing to the induced molting because BW loss affects on the successful results of an induced molting procedure (Brake and Thaxton, 1979; Brake and McDaniel, 1981; Baker et al., 1983) . Baker and coworkers (1983) suggest that the extreme BW loss during induced molt is directly related to a hen's postmolt performance. Approximately 25% of BW loss by hens while subjected to feed withdrawal has been directly associated with decreased muscle weight, decreased liver weight, decreased use of adipose tissue, involution of the reproductive tissue, and greater reproductive regression (Brake and Thaxton, 1979; Berry and Brake, 1985) .
Ovarian Weight
Regression of the ovary is the most important factor for induced molt because the loss of reproductive weight may be linked to the overall rejuvenation process (Brake and Thaxton, 1979) . Therefore, ovarian weight was measured in the current study as an indication of molting.
Hens fed 1% Zn in the form of Zn acetate (7.43 g) or Zn propionate (6.34 g) did not have (P > 0.05) different ovarian weights when compared with hens that were undergoing feed withdrawal (6.13 g). Nonmolted control hens had (P < 0.05) higher ovarian weights (31.04 g) when Means within a column with no common superscripts differ significantly (P < 0.05).
1
Feed withdrawal = hens that were undergoing feed withdrawal for 9 d.
2
Zn acetate = hens that received a diet containing 10,000 mg/kg Zn as Zn acetate for 9 d.
3
Zn propionate = hens that received a diet containing 10,000 mg/kg Zn as Zn propionate for 9 d.
4
Layer ration = (nonmolted control) hens that received Texas A&M University (TAMU) layer ration for 9 d.
5 NA = not applicable.
compared with ovary weights from molted hens on dietary treatment (Table 2) . Berry and Brake (1985) reported that the ovarian weights of hens fed 2% Zn as Zn oxide for 8 d were 9.00 g. McCormick and Cunningham (1984) (Berry and Brake, 1985) .
Organ Weight
The proventriculus, gizzard, and intestines of chickens fed high doses of Zn appear normal and there are generally no histological changes (Dewar et al., 1983) . According to Fosmire (1990) , Zn is relatively nontoxic to animals and humans; both exhibit considerable tolerance to high intakes of Zn. However, 1 to 2% Zn in the diet results in anemia in rats (Duncan et al., 1953) , reduced growth rates in chicks (Roberson and Schaible, 1960) , and high mortality in chicks (Blalock and Hill, 1988) . Therefore, the relative organ weights were measured in the Means within a column with no common superscripts differ significantly (P < 0.05).
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Relative organ weight (%) = (organ weight/100 g of body weight) × 100.
2
3
4
5
Layer ration = (nonmolted control) hens that received Texas A&M University (TAMU) layer ration for 9 d. current study to investigate whether 1% Zn in feed may influence overall health of hens based on each organ when compared with those of nonmolted hens or hens molted by feed withdrawal. There were no (P > 0.05) differences in relative weights of the heart, pancreas, intestine, or kidney among all molted hens and nonmolted hens (Table 3) . Hens fed Zn propionate had (P > 0.05) higher relative liver weights (2.11%) than hens on feed withdrawal (1.74%). Brake and Thaxton (1979) and Berry and Brake (1985) noted that involution of the reproductive organs and the decrease in liver weight results in approximately 25% of the total BW reduction. Berry and Brake (1985) noted that the decrease in liver weight results from the removal of hepatic energy stores as glycogen and lipids that are metabolized in the liver. The liver is the target organ of yolk phospholipoprotein synthesis, which is dependent on ovarian steroids, primarily estrogen (Sturkie, 1976) . McCormick and Cunningham (1984) noted that glycogen in the liver may not have been depleted because Zn interferes with insulin secretion. They also noted that the possible mechanism of Zn detoxification in the liver, including a high rate of bile production and synthesis of large quantities of the Zn storage protein metallothionein, may have contributed to the maintenance of liver weight.
Hens fed Zn propionate (0.13%) also exhibited (P > 0.05) higher relative spleen weights than hens undergoing feed withdrawal (0.10 g) or nonmolted control hens (0.10%). Hens fed Zn acetate (0.49%) had (P < 0.05) higher Means within a column with no common superscripts differ significantly (P < 0.05).
1
Bone breaking strength (kg/g) = tibia breaking force/tibia weight.
2
Bone ash (%) = (tibia ash weight/tibia dry weight) × 100.
3
4
5
Zn propionate = hens that received a diet containing 10,000 mg/kg Zn as Zn propionate for 9 d. Layer ration = (nonmolted control) hens that received Texas A&M University (TAMU) layer ration for 9 d.
relative proventriculus weights than hens fed Zn propionate (0.44%), hens undergoing feed withdrawal (0.42%), or nonmolted hens (0.42%). However, hens fed Zn propionate (1.84%) had (P < 0.05) higher relative gizzard weights than those fed Zn acetate (1.66 %) or nonmolted hens (1.42%). Brake and Thaxton (1979) found that no consistent trends over trials were observed in the relative weights of the spleen from birds going through a forced molt.
No consistent trends were exhibited in the relative weights of organs in the current study. Compared with the hens on feed withdrawal or on the nonmolted control diet-, Zn-fed hens obtained statistically higher, lower, or the same value of relative organ weights, and which were dependent on organ type. Therefore, we could not definitively conclude that Zn feeding caused a harmful or toxic effect on these organs or on overall health condition of the hens.
Crop pH
Hens fed 1% Zn in the form of Zn acetate (5.98) or Zn propionate (5.68) chemical-added layer ration did not exhibit (P > 0.05) different crop pH levels when compared with hens that had undergone feed withdrawal (5.67). Nonmolted control hens (4.89) had a (P < 0.05) lower crop pH than molted hens (Table 2) . Humphrey and coworkers (1993) reported that when chickens are undergoing malnutrition or starvation, the Means within a column with no common superscripts differ significantly (P < 0.05).
1
2
Zn acetate = hens that received a diet containing 10,000 mg/kg zinc as Zn acetate for 9 d.
3
4
pH of crop can increase due to decreased Lactobacillus fermentation within the crop. Feed withdrawal for 9 d resulted in a decrease in lactic acid in the crop, accompanied by an increase in crop pH (Durant et al., 1999) . During the present study, the effects of dietary molting treatments on Lactobacillus populations and lactic acid concentrations in the crop were not determined. However, the results of the present study indicate that the increases in crop pH by dietary molting treatment for feed withdrawal, Zn acetate, or Zn propionate regimens may reduce the normal resident Lactobacillus population or lactic acid concentration in the crop. Zn acetate or Zn propionate feeding may be inhibitory to the Lactobacillus population due to the effect of Zn on microorganism growth. Dietary Zn may influence growth and infectivity of bacterial pathogens in animal. Park and coworkers (2002) recently reported that Zn compounds would inhibit in vitro aerobic or anaerobic growth of Salmonella typhimurium. Kubena et al. (2001) and Ricke et al. (2001) observed that molting diets containing high zinc decreased S. enteritidis colonization in laying hens when compared with hens undergoing feed withdrawal. Reduced feed intake may be the main factor causing the decrease in the Lactobacillus population (Humphrey et al., 1993; Corrier et al., 1999; Durant et al., 1999) , thereby allowing the pH to rise in hens that are deprived of feed.
Bone Breaking Strength and Bone Ash
Although there were no (P > 0.05) differences in tibia breaking strength among all molted hens and nonmolted hens, tibia ash (%) of hens on feed withdrawal were (P < 0.05) less than those of the other molted hens and nonmolted hens (Table 4 ). The tibia ash (%) of feed-withdrawal hens, Zn acetate-fed hens, Zn propionate-fed hens, and nonmolted hens were 39.98, 45.32, 46.01, and 45.32, respectively. Bone-breaking force (Crenshaw et al., 1981; Merkley, 1981; Ruff and Hughes, 1985) , bone ash (Garlich et al., 1982) , and bone ash concentration (Garlich et al., 1982; Cheng and Coon, 1990) have been used as indicators of bone status in the mineral nutrition of poultry and swine. In the current study, feed-withdrawal hens had the lowest tibia ash (%) among treatment groups. This result may indicate that hens undergoing feed withdrawal have smaller amounts of mineral in their tibias, which may be due to a rapid depletion of Ca reserves in fasting laying hens (Berry and Brake, 1985) .
Medullary bone is the storage site for the Ca necessary for eggshell calcification (Mueller et al., 1964) . Dietary Ca depletion of laying hens can cause a decrease in the amount in bone and an increase in the osteoid (Bloom et al., 1958; Zambonin Zallone and Teti, 1981) . The excess Zn consumed by the hens may have interacted with blood and cellular Ca. Zn may have interacted with Ca absorption or metabolism, probably through interference with metal-containing enzymes (Underwood, 1977) .
Zn Concentrations in Kidney and Liver
The accumulation of Zn in various tissues is dependent on tissue type and Zn feeding (McCormick and Cunningham, 1987) . Therefore, Zn concentrations in the kidney and liver in the current study were determined to investigate whether Zn feeding in the form of Zn acetate or Zn propionate would affect or increase Zn concentration in these tissues.
Hens fed 1% Zn in the form of Zn acetate (361.59 ppm) or Zn propionate (486.04 ppm) added to the layer ration had (P > 0.05) higher Zn concentrations in kidney when compared with hens that were undergoing feed withdrawal (170.58 ppm) or nonmolted hens (77.26 ppm) (Table 5). Hens fed 1% Zn in the form of Zn acetate (1,546.14 ppm) or Zn propionate (1,661.59 ppm) diets had (P > 0.05) higher Zn concentrations in the liver when compared with feed-withdrawal hens (552.13 ppm) or nonmolted hens (127.98 ppm) (Table 5 ). There was a significant increase in Zn concentrations in renal tissue of hens fed high Zn (1%) with approximately 3.7-and 5.3-fold increases in the renal Zn concentrations from Zn acetate-fed hens and Zn propionate-fed hens, respectively, compared with that of feed-withdrawal hens. Relative to kidney, the accumulation of Zn in liver was considerably higher in all molted hens and nonmolted hens. There were approximately 11-and 12-fold increases in the hepatic Zn concentrations from Zn acetate-fed hens and Zn propionate-fed hens, respectively, compared with those of feed-withdrawal hens.
According to McCormick and Cunningham (1984) , there are 4-fold, 10-fold, and 27-fold increases in the con- centration of Zn in the kidney, liver, and pancreas, respectively, after feeding 1 or 2% Zn as Zn oxide for 4 d. Cunningham (1984, 1987) also noted approximately 30% of the increase in Zn accumulation in kidney and liver was due to reduction of feed intake. Although urinary Zn excretion was not measured in the current study, we could speculate that urinary Zn concentrations may be increased during the molting process. The increase in urinary Zn excretion during starvation is considered to originate in skeletal muscle, which is being catabolized during starvation to provide a source of precursors for gluconeogenesis, amino acids for continuing protein synthetic activity by other tissues, and substrate for oxidation by the muscle (Fell et al., 1973) . Elia et al. (1984) suggested that kidney, liver, and pancreas tissues have a buffering action with respect to the Zn released during the reduction of lean body mass, thus preventing excessive losses of Zn. Zinc concentrations in the liver and kidney may have accumulated due to the Zn (1%) feeding in the current study.
Egg Production
Percentage hen-day egg production by 4 treatments on a weekly basis during premolt and postmolt is shown in Figure 1 . As expected, nonmolted control hens had a (P < 0.05) higher level of egg production than hens from all other treatments in the first and second weeks after molting periods. However, there were no (P > 0.05) differences in overall egg production among molted hens and nonmolted control hens in relation to BW loss from wk 3 to the end of 12 wk after the molting periods ( Figure  2 ). This finding may be because the age of the hens is an important factor in the overall response to induced molting (McCormick and Cunningham, 1987) . Egg production in feed-withdrawal hens, Zn acetate-, and Zn propionate-fed hens, and nonmolted control hens from wk 3 to the end of 12 wk after molting was 66.38, 77.43, 70.31, and 71.04%, respectively. All molted hens reached more than 50% egg production from the third week to the end of the trial.
Zn propionate-fed hens had 0% egg production in the first week postmolt, whereas Zn acetate-fed hens had 2.04% egg production in the same week postmolt. From the second week postmolt, all molted groups of hens initiated egg production. The egg production by hens fed 1% Zn as Zn acetate or Zn propionate and hens undergoing feed withdrawal stopped by the fourth and fifth days, respectively (data not shown). Although hens fed 1% Zn in the form of Zn acetate or Zn propionate molted a Feed withdrawal = hens that were undergoing feed withdrawal for 9 d.
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day earlier than hens undergoing feed withdrawal in the current study, overall egg production was not (P > 0.05) different for all molted hens. Shippee and coworkers (1979) reported that 1% Zn as Zn oxide or Zn acetate resulted in reduction of egg production from 60 to 0% within 6 d. Berry and Brake (1985) and Creger and Scott (1977) also reported that hens fed high Zn stopped ovulating a day earlier than fasted hens. The result may suggest that Zn has a direct effect on reproductive organs distinct from that of fasting and a combination effect of the suppression of feed intake resulting in regressive reproductive organs and direct suppression on the reproductive organs. Direct suppressive effect on the reproductive organs is independent of anorexia (Johnson and Brake, 1992) . Overall egg production by hens fed 1% Zn in the form of Zn acetate or Zn propionate in the current study was higher than for hens undergoing feed withdrawal.
Interior and Exterior Egg Quality
Interior and exterior egg quality in the current study were measured to investigate whether Zn feeding in the form of Zn acetate or Zn propionate would alter interior or exterior quality in eggs. There were no (P > 0.05) differences in Hunter L* [lightness: 0 (black) to 100 (white)], a* (+: redness, −: greenness), or b* (+: yellowness, −: blue) values or albumen height (mm) among molted and nonmolted control hens during the postmolt periods (Table  6) .
There were no (P > 0.05) differences in egg width, length, or breaking strength for any of the treatments (Table 7) . Hens undergoing feed withdrawal (64.92 g) had (P < 0.05) lower egg weights than Zn propionate-fed hens (68.14 g) or nonmolted control diet-fed hens (68.37 g). Eggs from feed-withdrawal hens (14.28 cm) were also (P < 0.05) smaller in circumference than those from nonmolted control hens (14.48 cm).
Thick shell eggs exhibit higher specific gravity values (Keshavarz and Quimby, 2002 ). In the current study, specific gravity was not different in any of treatments (data not shown), and overall specific gravity of shell eggs was 1.07%. This finding was similar to values from the study by Nesbeth and coworkers (1976) who reported that spe- Means within a column with no common superscripts differ significantly (P < 0.05).
1
Relative organ weight = organ weight/100 g of body weight.
2
3
4
5
cific gravity of eggs from a layer ration and a no-salt layer ration (molting diet) after molting was 1.073%. Shippee et al. (1979) reported that no significant differences in shell thickness were observed for Zn acetate and Zn oxide molting treatments during the postmolt periods. However, Bar and coworkers (2003) recently reported that shell thickness is significantly increased by Zn oxide (2.5% zinc) molting treatment.
The values of breaking strength by Zn acetate hens (3.47 kg/g) were (P > 0.05) higher than for Zn propionate hens (3.14 kg/g), feed-withdrawal hens (2.97 kg/g), or nonmolted hens (2.88 kg/g) ( Table 7) . This result may indicate that high-Zn diets with Zn acetate are effective in improving shell quality based on shell strength.
Most interior and exterior quality parameters were not different (P > 0.05) during 3 mo in postmolt for any of the treatments. However, egg weights of hens fed 1% Zn as Zn propionate (68.14 g) were higher (P < 0.05) than those of feed-withdrawal hens (64.92 g), but the egg weights of hens fed 1% Zn as Zn propionate were not (P > 0.05) different from those of hens fed 1% Zn as Zn acetate (66.35 g) or the nonmolted hens (68.37 g).
In general, egg size is larger during the second cycle than during the first cycle, and the shell quality and interior egg quality are better during the first cycle than during the second cycle (North and Bell, 1990) . Zeelen (1975) also reported that egg size is increased significantly after induced molting with a higher percentage of eggs graded large. Zimmermann et al. (1987) reported that shell weight of eggs is improved only after molting. No significant differences were observed between feed and water restrictions and low-sodium diet in egg production, egg weight, interior egg quality, or shell quality during the postmolt periods (Naber et al., 1980; Said et al., 1984) . However, Zn acetate and Zn oxide molting treatments resulted in improved egg Haugh units during the postmolt periods (Shippee et al., 1979) .
The results in the current study indicate that egg qualities were not significantly (P > 0.05) different in most parameters among all molted hens and full-fed layer ration hens. However, hens fed 1% Zn as Zn acetate had stronger shells, and hens fed 1% Zn as Zn propionate had higher egg weights than hens undergoing feed withdrawal. This higher egg weight may be an advantage only if there is a consumer preference for the larger or heavier eggs in market (North and Bell, 1990 ).
Summary
All laying hens treated with Zn propionate (1% Zn) in a layer diet had lower crop pH, completely stopped egg production by the fourth day in the molting process, and greatly reduced feed intake, BW loss, and ovary regression. Zinc-fed hens yielded statistically higher, lower, or similar values of relative organ weights that were dependent on organ type and yielded more tibia ash (%). Zinc concentrations in the liver and kidney accumulated, possibly due to Zn (1%) feeding. The overall egg qualities except for egg weight and egg production from Zn propionate were similar to other molting methods. Zinc accumulated in the liver and kidney. Therefore, dietary Zn propionate (1% zinc) as an alternative molting dietary Zn supplement was comparable in its effectiveness to induce molt. Future experiments are needed to examine the effect of Zn propionate on Salmonella infection in molted laying hens because induced molting without feed may increase the incidence of S. enteritidis in these hens (Holt and Porter, 1992; Holt, 1993; Holt et al., 1995) .
